Recent research reveals a link between individual differences in mathematics achievement and performance on tasks that activate the approximate number system (ANS): a primitive cognitive system shared by diverse animal species and by humans of all ages. Here we used a brief experimental paradigm to test one causal hypothesis suggested by this relationship: activation of the ANS may enhance children's performance of symbolic arithmetic. Over 2 experiments, children who briefly practiced tasks that engaged primitive approximate numerical quantities performed better on subsequent exact, symbolic arithmetic problems than did children given other tasks involving comparison and manipulation of non-numerical magnitudes (brightness and length). The practice effect appeared specific to mathematics, as no differences between groups were observed on a comparable sentence completion task. These results move beyond correlational research and provide evidence that the exercise of non-symbolic numerical processes can enhance children's performance of symbolic mathematics.
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Introduction
Recent evidence suggests that symbolic mathematics arises, in part, from the reuse of a phylogenetically ancient and ontogenetically primitive cognitive system for making quantitative judgments and decisions: the approximate number system (ANS) (e.g. Dehaene, 2005; Hubbard et al., 2008) . To date, however, most of the evidence suggesting a role for the ANS in symbolic mathematics is indirect, and the mechanism(s) driving this relationship are not well understood (e.g. Bugden & Ansari, 2011; Gilmore, McCarthy, & Spelke, 2010; Halberda, Mazzocco, & Feigenson, 2008; Libertus, Feigenson, & Halberda, 2011; Libertus, Odic, & Halberda, 2012; Halberda, Ly, Wilmer, Naiman, & Germine, 2012; Holloway & Ansari, 2009; Lourenco, Bonny, Fernandez, & Rao, 2012; but see Lyons & Beilock, 2011; Price, Palmer, Battista, & Ansari, 2012, and Sasanguie, Defever, Maertens, & Reynvoet, in press ). We used an experimental procedure to test the extent to which engaging the ANS causally enhances subsequent symbolic arithmetic performance in children learning symbolic mathematics in school. By systematically manipulating the content of experimental tasks and analyzing the resulting effects, we also begin to clarify the specificity of the relationship between the ANS and symbolic mathematics.
Primitive number representations
A wealth of research reveals that even infants can discriminate between arrays of visual elements on the basis of number (e.g. Brannon, 2002; Xu, 2003; Xu & Spelke, 2000; Xu, Spelke, & Goddard, 2005) . This ability is present from birth, persists over the lifespan, and is common to a wide variety of non-human animals (Feigenson, Dehaene, 
